Abstract-Preventing diabetes at the prediabetes stage is a crucial step to take as the damages done by diabetes is nonreversible. In the recent years, the number of diabetics has been increasing tremendously, which is predominantly due to unhealthy lifestyle and diet. To prevent diabetes, human behaviour needs to be altered: a new positive habit should replace an old habit. Self-care applications have great potential in fostering diabetes prevention. However, existing solutions mostly do not follow clinical guidelines, do not incorporate user expectations, are aimed to deliver a specific functionality (such as weight management), are not designed based on behavioural change theories, and therefore they are not designed for long term use. Integrating health behavioural change theories and the prediabetics' requirements into the development of self-care applications can empower consumers to better care of their own health. In this paper, we propose a prediabetes self-care application design framework, which incorporates behavioural change theories, and meets requirements of prediabetics. The framework was validated by a pool of health-related experts from various fields. Results indicate that the framework comprised necessary functions that would enable prediabetes to prevent diabetes. The framework would aid developers to design novel prediabetes applications that would enable users to take greater responsibility towards their health, which in return helps to save medical cost.
INTRODUCTION
Recent years have seen a tremendous increase in the number of diabetics worldwide [1, 2] . In 2012, 1.5 million people died due to diabetes alone [3] . Diabetes can cause loss of body organs due to high glucose level in the blood. This happens because the pancreas does not produce enough insulin or the body is not able to use the insulin it produces effectively. At the prediabetes stage, the blood glucose level is not high enough to be known as diabetes and the progression to diabetes can be prevented and therefore diabetes should be prevented at this stage itself. An individual's lifestyle, especially physical activity and diet, plays an important role in determining his or her health condition. Improper eating habits and lack of physical exercise are said to be the ultimate cause of increased blood sugar levels and eventually the onset of diabetes [4, 5] . Unhealthy lifestyle is the result of human behaviour. If behaviour can be changed, then a new constructive habit can be formed, which will lead to healthier lifestyle that can prevent diabetes. The three key components in a prediabetic's lifestyle modification are behaviour therapy, increased physical exercise, and low-calorie diet [6] . Past research indicates that weight reduction also helps in diabetes prevention [4, 5, 7, 8] .
Lifestyle modification requires the individuals' engagement and empowerment towards their own life, where they could self-manage their own condition [9] . Self-management is defined by how people take care of their own health by making their own lifestyle changes [9, 10, 11] . This self-care behaviour is considered to be a major determinant of health outcomes [12] , which sets to be the primary motive of this study. The American Association of Diabetes Educators (AADE) has developed seven self-care behaviours to focus on managing diabetes. The AADE7 self-care behaviours are as follows: (1) healthy eating, (2) being active, (3) monitoring, (4) taking medication, (5) problem solving, (6) reducing risks, and (7) healthy coping [13] .
Over the years, the digital technology has set another bench mark in the evolution of human being. With the invention of personal computers, the Web and smart phones, the healthcare field has progressed dramatically in its ability to help people with issues related to health and lifestyle. The new era is integrating health behavioural change theories into the Web or mobile applications to empower the users to take care of their own health. A past study shows that using these applications with the integration of behavioural change theories, such as Transtheoretical Model, Social Cognitive Theory, Theory of Planned Behaviour, and Health Belief Model has produced some level of effectiveness in changing the lifestyle and managing the diseases [14] . These theories can help people in understanding their own behaviour change patterns.
Behaviour change techniques (BCTs) play an important role to facilitate the behaviour change interventions [3, 10] . These BCTs (e.g. goal setting, action planning, self-monitoring and feedback) can help the prediabetics to modify their lifestyle by stabilizing their blood glucose level. Vugt et al. reviewed the use of BCTs in diabetes self-management support programs to find the most commonly used BCTs and to see the effectiveness of the applied BCTs [10] . Their review demonstrated that the applied BCTs helped to show significant improvements in health behaviours (diet, physical exercise, etc.) and also in psychological outcomes (depression, diabetes stress, etc.).
Besides that, drawing out user requirements from targeted users is essential in developing effective healthcare systems that are aimed at providing high-quality care and continuous usage [15] . As most of the prediabetics do not take their condition seriously, it is challenging to design a solution for a problem they do not see at the moment. Hence, apart from obtaining user requirements from potential users, it is crucial to involve healthcare professionals in ensuring the system has the necessary functions and it is carefully designed to meet the objective of enabling prediabetes to prevent diabetes. This paper presents and discusses the proposed framework and is organised as follows. Section II describes the related work. Section III introduces the proposed framework for iPreventDiabetes. Section IV describes the methodology used in the framework validation process. The following sections, Section V and VI respectively reports and discusses the results or findings of the validation. Finally, Section VII summarises the study and outlines the future work.
II. RELATED WORK
There are many Information Technology (IT) based studies on diabetes management, which have been focussing on selfcare to change lifestyle and control blood glucose levels on diabetics [10, 12, 16, 17, 18, 19] . However, very few studies are focussed on prediabetics. Recently, some interest is emerging in doing research on prediabetics [8, 20] . Block et al. designed an automated Diabetes Prevention Program called Alive-PD, tailored to improve eating habits, physical activities and wellness behaviours [8, 21] . Another study uses the Bandura's Social Learning Theory to promote self-care behaviour among prediabetes [20] .
There is ongoing effort in developing more self-care applications [22] , but we argue that developers should focus on designing applications that foster continuous usage. We have not come across any framework on prediabetes self-care applications. Such designs are crucial in enabling software developers to comprehend the essential components in realising an effective solution that would prevent diabetes.
Our research mainly focusses on formulating a framework to design prediabetes self-care applications by integrating behavioural change theories, techniques and user requirements. Effectiveness of the behavioural change theories in self-care applications have been explored in our previous work [14] . User requirements from both the prediabetics [23] and the healthcare professionals [24] have been elicited in identifying the core determinants, requirements and challenges faced by the prediabetics and diabetics. Based on these, we proposed a framework to design prediabetes self-care applications, which is discussed in the next section.
III. A PROPOSED FRAMEWORK FOR PREDIABETES SELF-
CARE APPLICATIONS The proposed framework for prediabetes self-care applications called i-PreventDiabetes (i-PreDi) is illustrated in Fig. 1 . The Stages of Change Model or better known as the Transtheoretical Model of Behaviour Change by Prochaska and DiClemente has been adopted as the main theory into this framework [25, 26] . This theory is one of the most popular health behavioural change theories and focusses on the decision-making abilities of the individual [27] . This theory is leveraged to display the prediabetic's stage of change. This theory also discusses the processes of change, besides the stages of change: consciousness raising, dramatic relief, selfreevaluation, environmental reevaluation, self-liberation, social liberation, counterconditioning, stimulus control, contingency management and helping relationships [25] . Besides that, Theory of Planned Behaviour, Health Belief Model and Attitude Formation have been absorbed into this framework [28, 29, 30, 31, 32] . BCTs and AADE7 self-care behaviours (healthy eating, being active, monitoring, taking medication, problem solving, reducing risks, and healthy coping) are given equal attention [10, 13, 33] . The stages to change behaviour are pre-contemplation, contemplation, preparation, action, and maintenance [25] . The prediabetics can fall back to previous stage until they reach a stable lifestyle.
At the pre-contemplation stage, the prediabetics have no intention of changing their blood glucose reading at all. They do not admit that they are prediabetics. Then, at the contemplation stage, the prediabetics are aware of their prediabetes (they admit), but with no commitment to take action yet. They are just in the initial stage of getting ready to change behaviour. The third stage in behavioural change is preparation. In this stage, the prediabetics intent to take action to address their problem. The next stage is action, where the prediabetics modify their behaviour actively. After changing their behaviour comes the maintenance stage, where the prediabetics sustained their lifestyle change and their blood glucose level is stabilised. According to Prochaska et al., the new behaviour should remain for six months in order for the change to be sustained [25] . New behaviour will replace the old one. If not, the prediabetics can fall back to their old patterns of behaviour. In addition, each time a person goes through this cycle of change, they learn from each relapse and grow stronger so that each relapse is shorter [26] .
At the contemplation stage, the education and awareness on prediabetes, diet and exercise are important, to make the individuals aware of the problem. These are mostly triggered by the internal (e.g. physical symptoms) and external factors (e.g. newspapers, television, radio, healthcare professionals, friend's health condition). At the same time, these triggers motivate an individual to make lifestyle changes for diabetes prevention. An individual should maintain a positive attitude to life and health to ignite the motivation to change. This positive attitude includes physical (e.g. health, beauty), emotional (e.g. confidence, the feel good factor), mental (e.g. self-discipline, positive thinking) and spiritual (e.g. overall self-worthiness) perspectives. In order to actively modify and maintain a behaviour, commitment plays an important part, which is influenced by a positive attitude. If there is no commitment to perform activities (e.g. physical exercise, proper diet) to change a lifestyle, an old behaviour cannot be replaced with a new one.
We have incorporated BCTs into the framework, in the form of functions to be included in the i-PreDi app [33] . At first, we carried out a review of functions in the existing selfcare applications, which was later discussed with a group of prediabetics and diabetics [23] and through interview sessions with healthcare professionals [24] . These were used as a basis to form the functions of a prediabetes self-care application. The identified functions for an effective prediabetes self-care applications are lifestyle tracking (blood glucose readings, physical activities, amount of calories and carbohydrates in food consumed, weight and stress level), goal setting & reward system, activity planning & reminders, prediabetic's personal profile, success stories, online education, peer/family support, forum, entertainment/stress relievers and coaching. It is interesting to note through our discussion with the prediabetics that medication is not their primary solution, as they concentrate more on changing their lifestyle without taking any medication [23] .
To summarise, our framework is comprised of self-care behaviour, integrated with health behavioural change theories and inclusion of BCTs or functions in self-care applications based on the prediabetics' requirements. Evidence from related research suggests that the design will assist the prediabetics to take charge of their own health and assist in their lifestyle modification processes in preventing diabetes.
IV. METHODOLOGY
We conducted qualitative studies to validate the proposed framework. Expert Review method was carried out between November 2016 and January 2017. The expert review method was divided into two formats: (1) survey and (2) interview. The selected experts comprised endocrinologists, medical officers, physicians, pharmacists, clinical nutritionists, dieticians, IT consultants, IT experts in healthcare, psychologists, and medical academicians.
A questionnaire was designed with five sections, based on the proposed framework and was validated before-hand. Each section has on average ten questions. The questionnaire, which served as a survey, was given to 11 experts to answer. The questions were specifically designed to collect the degree of agreement or disagreement on statements about the proposed framework. In addition, they were encouraged to provide their comments, if any. Besides that, we conducted interview sessions with five experts to gauge further insights on the feasibility of the proposed framework. This session helped us to further refine the framework.
At the beginning of the survey and interview, the experts presented their credentials. The interview was an extension of the survey. After the sessions, the questions were analysed using frequency count analysis method. During the interview, each comment was noted carefully and taken into consideration. Each interview session was audio-recorded and later transcribed. Notes from each session were compared with the audio-recordings. Since the experts were from different backgrounds, it helped us to validate the proposed framework from three different angles: (1) IT, (2) health, and (3) psychology.
V. RESULTS
The results were divided into five sections, according to the questionnaire: profile, contributing factors, relationship between the contributing factors and the stages of change, selfcare application functions/BCTs, and perceived benefits. Seven degrees of agreement were used as responses in the questionnaire: Strongly Disagree (D***), Moderately Disagree (D**), Slightly Disagree (D*), Neutral (N), Slightly Agree (A*), Moderately Agree (A**) and Strongly Agree (A***). In the following frequency count analysis tables, the 11 experts' responses were noted as E1, E2, E3, and so on, according to their degree of agreement. A percentage of agreement (% Agree) was obtained by combining the A*, A**, and A*** responses.
A. Profile
The characteristics of the experts involved in the evaluation are displayed in Table I . As for the interview sessions, five experts were involved. Three of them are from multi-disciplinary background. One of them is IT Consultant with psychology background, another one is IT Consultant in healthcare industry, and the third is a medical practitioner cum academician. The fourth expert is a dietitian and the fifth, a physician.
B. The Contributing Factors
The frequency count analysis of the contributing factors is shown in Table II After the prediabetics have learnt and are aware about their condition, they will take action to change their lifestyle, which is in the 'Preparation' stage.
E3
At the 'Preparation' stage, the prediabetics need to cultivate a positive attitude to get motivated.
E10
E1, E3, E4, E6, E8 E2, E5, E7, E9, E11
100
At the 'Action' stage, the prediabetics actively modify their behaviour on lifestyle with commitment.
E10
E1, E6 E2, E3, E4, E5, E7, E8, E9, E11
90.9
After the prediabetics have successfully embraced lifestyle changes, they will be in 'Maintenance' stage.
E2, E3, E5, E9 81.8
During both the 'Action' and 'Maintenance' stages, positive attitude is a key indicator of acceptance towards sustainable changes.
E8, E10
E1, E4 E2, E3, E5, E6, E7, E9, E11
100
The prediabetics may regress to previous stages at any time. E10 E2, E7, E11
E1, E6 E3, E4, E5, E8, E9
90.9 Table III shows the frequency count analysis of the relationship between the contributing factors and the stages of change. Four of the statements were agreed fully by all the experts. Another four statements have the percentage agreement of 90.9%. The lowest percentage agreement of 63.6% was for the statement: "After the prediabetics have learnt and are aware about their condition, they will take action to change their lifestyle, which is in the 'Preparation' stage." An expert further elaborated that: "Not every patient knows how to prepare."
C. Relationship between the Contributing Factors and the Stages of Change

D. Self-care Application Functions/Behavioural Change
Techniques Table IV displays the frequency count analysis of the selfcare application functions/BCTs. Two functions/BCTs were agreed 100% by the experts, i.e., goal setting & reward system and peer/family support. The lowest agreed function is entertainment/stress relievers, with only 54.5%. Three out of ten functions tallied a 90.9% agreement. Meanwhile, four out of ten functions scored 81.8%. As for lifestyle tracking, an expert emphasised that: "More frequent and accessible follow-ups are necessary." Another expert shared for online education, that: "Education is the key to both patient and relatives." Furthermore, an expert commented the following about the proposed framework: "It gives a comprehensive cover of topics related to prediabetes management."
E. Perceived Benefits
The frequency count analysis for the perceived benefits of i-PreDi framework is shown in Table V. All the experts agreed that, the proposed framework will save medical cost. 
VI. DISCUSSION
The framework evaluation by the experts highlights that the proposed framework is feasible, as it consists of the contributing factors associated with the stages of change and the important self-care application functions/BCTs for prediabetes. Transtheoretical Model was absorbed into the proposed framework as it helps to explain the behaviour change process of prediabetics in a systematic manner. In order to ignite lifestyle and diet changes, triggers are necessary to educate and create awareness about healthy lifestyle. Both triggers and a positive attitude contribute in motivating prediabetics. In addition, education and awareness about prediabetes help to motivate the prediabetics and eventually make them committed. A positive attitude is also essential in promoting commitment with prediabetics to sustain the lifestyle change. Besides that, the self-care application functions/BCTs which are incorporated into the proposed framework are well supported by the experts. Goal setting & reward system, peer/family support, activity planning & reminders, success stories, and prediabetic's personal profile caught the highest attention of the experts. The least attention was given to entertainment/stress relievers, even though during the data collection sessions [23, 24] , stress was mentioned by the prediabetics, diabetics and healthcare professionals as a supporting cause for the increasing glucose level in the blood. The expert evaluation establishes that the self-care application functions/BCTs included in the framework when applied into a prediabetes self-care application are effective in assisting the prediabetics in self-managing themselves.
The evaluation also supports that the proposed framework helps with lifestyle changes, encourages the prediabetics to take greater responsibility for their own health and eventually saves medical cost. On the whole, the experts gave positive feedback on the framework. All of them see the potential of this framework being used as the basis in realising prediabetes solutions that emphasize on continuous usage.
VII. CONCLUSION AND FUTURE WORK
Diabetes can be prevented with proper lifestyle and diet changes at the prediabetes stage itself. With the enhancement of digital technology, it is possible to transform the self-care behaviour into self-care application. So, in this research, we proposed a framework to design self-care application for prediabetes by integrating health behavioural change theories and user requirements. This i-PreDi framework was validated by experts through a qualitative study. The findings suggest that this framework can be used to develop self-care application for prediabetes, and it can empower the prediabetics to take greater responsibility of their own health.
As a future work, this framework will be used to develop a self-care application for prediabetes. This self-care application will be used and tested by prediabetics for a measured duration. Feedback from the users will be gathered to improve the proposed framework. This framework will be useful to software developers, academicians and researchers in developing comprehensive patient empowerment solutions for prediabetics.
